overestimated the findings of coronary angiography and in 21 (40%0) patients the slope underestimated the findings of coronary angiography. In the remaining 17 (33%) patients the slope accorded with the assessment of myocardial ischaemia by coronary angiography. Underestimation by the slope was associated with significantly poorer left ventricular function and a lower ejection fraction, indicating a greater degree of myocardial scarring.
To assess whether overestimation was related to cardiac enlargement with better preservation of ventricular function a follow up examination was performed six months after infarction. In the overestimated group 11 patients were followed up and seven of them showed a reduction in the maximal ST/HR slope which correlated with a reduction in the cardiothoracic ratio. This suggested that cardiac enlargement had contributed to myocardial ischaemia.
The results suggest that if the maximal ST/HR slope is an index of exercise induced myocardial ischaemia after recent infarction, it is subject to the influences of coronary artery narrowing as well as those of scarring and cardiac enlargement. In patients with single vessel disease there is a significant tendency between the value of the maximal ST/HR slope and the left ventricular score (r = -0-63, p < 0 05), lower values of the slope being associated with higher scores (fig 5) . A trend is seen when the value of the slope is related to the ejection fraction (r = +0 57, p < 0 05).
FOLLOW UP STUDY
Of the total of 52 patients, 44 were re-examined six months after infarction; three had died, one had an embolic stroke, one had undergone coronary artery surgery, one had required permanent pacing for sinuatrial disease, and two patients declined further exercise tests.
All three patients who died had poor left ventricu- lar function (left ventricular scores of 3, 4, and 4; ejection fractions of 53, 27, and 29% respectively) and in all three the slope underestimated the severity of coronary artery narrowing.
To assess the influence of cardiac enlargement early after myocardial infarction we re-examined patients at six months and examined individual changes in heart size in relation to individual changes in the severity of myocardial ischaemia as assessed by the maximal ST/HR slope. In the 44 patients re-examined at six months there was a statistically significant reduction in cardiothoracic ratio (p < 0-02) from an initial mean (SD) value of 48-5 (4.5)%. The reductions in heart size as assessed by the cardiothoracic-ratio were greater in the overestimate group, though this difference from the agreement and underestimate groups is not statistically significant. Eleven of the 14 patients in whom the slope had overestimated the extent of coronary artery narrowing were re-examined at six months. Eight of these 11 patients showed a reduction in heart size as assessed by the cardiothoracic ratio. Seven of these eight patients had an associated reduction in the maximal ST/HR slope ( fig 6) . In contrast, such a -'60. correlation between a reduction in cardiothoracic ratio and the maximal ST/HR slope over a period of six months was found only in one of the 18 patients from the underestimate group who were reexamined (x2, p < 0-01).
Of the 17 patients examined by echocardiography we had adequate images for measurement of left ventricular areas at end diastole in eight. The change in cardiothoracic ratio for these eight patients correlated with the change in the cross sectional end diastolic area of the left ventricle obtained from the apical four chamber view on cross sectional echocardiography (r = 0-79, p < 0 02).
Discussion MAXIMAL ST/HR SLOPE AS INDEX OF MYOCARDIAL ISCHAEMIA
The maximal ST/HR slope has been proposed as an index of myocardial ischaemia.' In trials of hospital patients presenting with angina in Leeds, it was shown that the slope was 96-5% successful in detecting significant coronary artery stenosis2 (as defined above). These patients were selected; they did not have left ventricular aneurysm, or conditions causing cardiac enlargement-for example valvular heart disease-and they were not examined within six months of myocardial infarction.
In a subsequent trial, patients with aortic valve disease and cardiac enlargement were examined.3 In the absence of coronary artery narrowing cardiac enlargement was associated with values of the maximal ST/HR slope equivalent to coronary heart disease.3 Left ventricular dilatation and hypertrophy is a reported cause of myocardial ischaemia. 4 Attempts to reproduce the accuracy found in Leeds have to date been unsuccessful17 -19; the reason for this is not known. It may be related to the characteristics of the patients studied, use of different techniques, and differences in angiographic interpretation. Other studies of the ST segment and heart rate relation that used different techniques and different angiographic criteria have suggested that this index provides a reliable assessment of the presence and severity of coronary disease in patients with angina.20-22 False positive results have been reported in patients with aortic regurgitation23 and false negative results in patients with previous myocardial infarction.22 23 This evidence suggests that the ability of the maximal ST/HR slope to detect any one cardiac or coronary lesion that leads to myocardial ischaemia must depend on the characteristics of the selected population being studied. Patients early after myocardial infarction could have, in addition to any coronary narrowing, cardiac lesions, such as enlargement or 518 scarring, that influence myocardial ischaemia. For instance, left ventricular wall scarring and loss of myocardium may limit myocardial ischaemia whereas cardiac enlargement with a better preserved myocardium may predispose to myocardial ischaemia.46 The present trial was planned to examine the effects of these factors on the maximal ST/HR slope, which is used as an index of myocardial ischaemia. We used the same techniques in assessing the maximal ST/HR slope that were used in previous studies" 12 SO that we could compare the results of the present trial with those of earlier ones.
FINDINGS OF THE PRESENT STUDY
The present findings suggest that coronary artery narrowing, myocardial scarring, and cardiac enlargement may affect the maximal ST/HR slope after recent myocardial infarction. Myocardial scarring would be associated with left ventricular dilatation, accompanied by an increase in end systolic volume, and reduced wall mobility. The left ventricular score was used as an index of scarring; the finding of an association between high scores and larger left ventricular volumes and a lower ejection fraction (fig 3) confirms that the score was an adequate, though crude, index of scarring. Underestimation of the findings of coronary angiography by the maximal ST/HR slope was found to be significantly associated with the index of myocardial scarring; namely, higher left ventricular scores ( fig  2) , and also with larger left ventricular volumes and a lower ejection fraction (table 1 and fig 4) .
It could be argued that two "opposing" areas of myocardial ischaemia could be cancelling out their electrocardiographic manifestations, though there is no evidence for such an effect from experience with the maximal ST/HR slope in patients with angina.'
The ST segment elevation associated with aneurysm formation could also be said to mask the presence of ischaemia, though aneurysms may be regarded as mainly representing scar tissue and would be included in the index of scarring used. In the present study many of the patients who had a maximal ST/HR slope of zero had significant narrowing of only the infarct related coronary artery, and this was often associated with poor left ventricular function and in some with aneurysm formation.
One of the principal determinants of prognosis in patients after myocardial infarction is the extent of myocardial damage-a larger infarct being associated with a poorer prognosis. 24 Though the number of patients in the present study is too small for adequate statistical analysis, the patients in whom the slope underestimated the angiographic extent of coronary artery narrowing had the highest mortality-all three patients who died came from Bishop, Hart, Boyle, Stoker, Smith, Mary this group. All these findings suggest that scarring may limit myocardial ischaemia as assessed by a functional index, the maximal ST/HR slope.
In this study larger left ventricular volumes were associated with indices of a greater degree of myocardial scarring. The above findings also suggest that scarring may limit myocardial ischaemia. In patients with well preserved left ventricular function-that is less scarring-it may be possible to demonstrate the effect of cardiac enlargement on myocardial ischaemia.
The influence of cardiac enlargement was assessed by correlating individual changes in heart size in the six months after myocardial infarction with changes in the maximal ST/HR slope. The cardiothoracic ratio is an accepted measure of change in heart size in an individual,9 though it is not accurate for comparisons between patients. In Use of the maximal ST/HR slope to estimate myocardial ischaemia after recent myocardial infarction 519 ischaemia after recent myocardial infarction is determined by at least these three factors; however, the relative contribution of each is not known.
Cardiac enlargement in patients with myocardial infarction is also related to the degree of scarring,1 3 and so differs from the enlargement seen with aortic valve disease. The present findings suggest that scarring may limit myocardial ischaemia attributable to coronary artery narrowing, and scarring also is likely to limit the influence of cardiac enlargement on the ischaemic process. This is evident from the group in which the slope underestimated the extent of coronary artery narrowing and who also had the largest left ventricular volumes (table) . Animal studies have shown that a relative increase in left ventricular volume occurs even with small infarctions.25 Where the effect of scarring is not great it should be possible to detect, using an index of myocardial ischaemia, the contribution of cardiac enlargement to the ischaemic process. This is supported by the findings from the patients in whom the slope overestimated the severity of coronary artery narrowing; this group had the best preserved left ventricular function.
Other possible explanations for the overestimation of coronary artery narrowing by the slope that was seen in some patients include drug treatment, distal coronary artery disease, and haematological abnormalities. An of myocardial ischaemia early after myocardial infarction. The slope has been shown to be sensitive to the modifying influences of myocardial scarring and cardiac enlargement upon myocardial ischaemia soon after infarction. Exercise induced ischaemia early after myocardial infarction is influenced by myocardial scarring, cardiac enlargement, and significant narrowing of the coronary artery. Because ischaemia early after myocardial infarction is multifactorial, unlike ischaemia in patients with stable angina, the slope cannot be expected to detect the extent of significant coronary artery narrowing.
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